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$EVWUDFW
/$5(6 /$VHU5(ODWLYLW\6DWHOOLWH LV D SDVVLYH VDWHOOLWH LWZDV  ODXQFKHG RQ)HEUXDU\    XVLQJ  WKH  QHZ(XURSHDQ
6SDFH$JHQF\(6$ODXQFKHU9(*$WRPHDVXUHZLWKKLJKDFFXUDF\WKHHIIHFWRIWKH(DUWKDQJXODUPRPHQWXPRQWKH
VSDFHWLPHJHRPHWU\WKDWLQWXUQDIIHFWWKHRUELWDOPRWLRQRIDVDWHOOLWH7KLVHIIHFWLVFDOOHGIUDPHGUDJJLQJRU/HQVH7KLUULQJ
HIIHFW 7KH UHGXFWLRQ RI WKH VXUIDFHWRPDVV UDWLR LV WKHPRVW LPSRUWDQW SDUDPHWHU LQ WKLV UHVSHFW $ WXQJVWHQ DOOR\ KDV EHHQ
FKRVHQ DV WKH EHVW FRVW HIIHFWLYH VROXWLRQ 7KH/$5(6 PLVVLRQ KDV EHHQ UHFHQWO\ SURSRVHG DLPLQJ DW WKH FRQVWUXFWLRQ DQG
ODXQFKRIDVHFRQG/$5(6VDWHOOLWHZKLFK LQRQHSRVVLEOHFRQILJXUDWLRQKDVD ODUJHUGLDPHWHUDQGPDVV'XULQJ WKH/$5(6
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6WHOODDQG6WDUOHWWHDOWKRXJKPDGHRIDOXPLQLXPDOOR\VLQWKHRXWHUVKHOOFRQWDLQDKHDY\PHWDOPDVVFRSSHUDOOR\
IRUWKHILUVWWZRVDWHOOLWHVDQGGHSOHWHGXUDQLXPIRUWKHRWKHU/$5(6VDWHOOLWHLVLQVWHDGPDGHRIRQHVLQJOHSLHFHRI
WXQJVWHQDOOR\ DPRQJ WKH ODUJHVWSLHFHHYHUPDQXIDFWXUHGDQG IRU VXUH WKH ODUJHVW DPRXQWRI WXQJVWHQPDVVHYHU
ODXQFKHGLQRUELW>@7KHVDWHOOLWHKDVEHHQVXFFHVVIXOO\SXWLQRUELWRQ)HEUXDU\ZLWKWKHTXDOLILFDWLRQ
IOLJKW RI 9(*$ ODXQFKHU >@ 7KH REMHFWLYH RI WKH PLVVLRQ LV WR PHDVXUH DFFXUDWHO\ WKH IUDPHGUDJJLQJ HIIHFW
SUHGLFWHG E\ JHQHUDO UHODWLYLW\ >@ WKH RUELWDO SODQH RI /$5(6 LV GUDJJHG E\ WKH (DUWK URWDWLRQ EHFDXVH LW LV
VSDFHWLPHLWVHOIWREHWZLVWHGE\WKHPDVVFXUUHQWRIWKH(DUWK7KHPDLQGLIILFXOW\RIWKHH[SHULPHQWLVWRGHWHUPLQH
YHU\DFFXUDWHO\WKHHIIHFWVRIWKHFODVVLFDOSHUWXUEDWLRQVVRWKDWIUDPHGUDJJLQJLVQRWPDVNHGE\WKHQRQUHODWLYLVWLF
DFWLRQV
6DWHOOLWHGHVFULSWLRQ
/$5(6LVDPDVVLYHVSKHUHRIWXQJVWHQDOOR\FRYHUHGZLWK&XEH&RUQHU5HIOHFWRUV&&5V>@)LJD&&5V
KDYHWKHSURSHUW\WRVHQGEDFNWRDODVHUJURXQGVWDWLRQDODVHUEHDPUHJDUGOHVVRQWKHRULHQWDWLRQRIWKHVDWHOOLWH
$FFXUDWH WLPHRI IOLJKWRI ODVHUSXOVHHVWLPDWLRQZLOOSURYLGHSRVLWLRQLQJZLWKDQHUURU WKDW FDQEHDV ORZDV IHZ
PLOOLPHWHUVHYHQDWWKRXVDQGVRINLORPHWHUV7KLVWHFKQLTXHLVFDOOHGODVHUUDQJLQJWHFKQLTXHDQGWKHJURXQGVWDWLRQV
DUHRUJDQL]HGE\WKH,QWHUQDWLRQDO/DVHU5DQJLQJ6HUYLFH,/56>@7KHGLDPHWHURIWKHVDWHOOLWHLVPPZLWKD
WRWDOZHLJKWRINJZLWKDPHDQGHQVLW\RINJP7KLVPDNHV/$5(6WKHRUELWLQJREMHFWLQWKH6RODU
V\VWHPZLWKWKHKLJKHVWPHDQGHQVLW\%XWPRUHLPSRUWDQWLVWKDW/$5(6KDVWKHORZHVWVXUIDFHWRPDVVUDWLRRIDQ\
DUWLILFLDO RUELWLQJ REMHFW 7KLV UDWLR LV GLUHFWO\ SURSRUWLRQDO WR WKH DFFHOHUDWLRQ LQGXFHG RQ WKH VDWHOOLWH E\ QRQ
JUDYLWDWLRQDOSHUWXUEDWLRQV7KHUHIRUH/$5(6LVWKHEHVWWHVWSDUWLFOHDYDLODEOHLQWKHVRODUV\VWHP>@2IFRQFHUQ
ZLWKLQ WKH WRSLFRI WKLVSDSHU LV WKH&&5PRXQWLQJV\VWHP)LJEHDFKRQHFRQVWLWXWHGE\ WZRSODVWLF ULQJVD
WXQJVWHQDOOR\UHWDLQHUULQJDQGWKUHHWXQJVWHQDOOR\VFUHZV7KH&&5PDGHRIKLJKJUDGHJODVV6XSUDVLOLV
PDLQWDLQHGLQSODFHORRVHO\EHWZHHQWKHSODVWLFULQJV7KHPRXQWLQJV\VWHPLVIL[HGRQWKHVDWHOOLWHERG\ZLWKWKH
WKUHHVFUHZVDQGWKHUHWDLQHUULQJ7KHPDLQLVVXHVIRXQGGXULQJWKHPDQXIDFWXULQJDUHUHOHYDQWWRWKHUHWDLQHUULQJV
EXWDERYHDOOWRWKHVFUHZV7KH/$5(6PLVVLRQKDVEHHQUHFHQWO\SURSRVHGDLPLQJDWWKHFRQVWUXFWLRQDQGODXQFK
RIDVHFRQG/$5(6VDWHOOLWHZKLFKLQRQHSRVVLEOHFRQILJXUDWLRQKDVDODUJHUGLDPHWHUDQGPDVV7KHDGGLWLRQRI
WKLVQHZVDWHOOLWHZLOOLPSURYHWKHDFFXUDF\RIWKHPHDVXUHPHQWRIIUDPHGUDJJLQJDQG/HQVH7KLUULQJHIIHFW>@



)LJ/$5(6VDWHOOLWHGUDZLQJDDQG&&5PRXQWLQJV\VWHPE

0DWHULDOLVVXHV
'XULQJ WKH/$5(6PDQXIDFWXULQJ VRPH LVVXHV UHODWHG WR WKH ORZIUDFWXUH WRXJKQHVVRI WXQJVWHQDOOR\VZHUH
HYLGHQW WKH PRVW FULWLFDO SDUWV EHLQJ WKH VFUHZV XVHG IRU DQFKRULQJ WKH &&5 V\VWHP $ EDWFK RI VFUHZV ZDV
SURGXFHGE\PHDQV RI D ODWKHPDFKLQH WKDW XVXDOO\ SURGXFHV D SRRU VXUIDFH ILQLVK ,Q IDFW )LJ D FOHDUO\ VKRZV
VHYHUDOZHOOYLVLEOHFUDFNVRQWKHVFUHZH[WHUQDOVXUIDFHWKDWDSSHDUVLUUHJXODU'XULQJPRXQWLQJWHVWVVRPHVFUHZV
PDQXIDFWXUHGE\PHDQV RI WKLV WHFKQRORJ\ EURNH XS7KH DQDO\VLV RI WKH IUDFWXUH VXUIDFH >@ UHYHDOHG WKDW WKLV
519 A. Brotzu et al. /  Procedia Engineering  109 ( 2015 )  517 – 524 
IUDFWXUH SUREDEO\ VWDUWHG IURP FUDFNV SURGXFHG GXULQJ WKH VFUHZ PDFKLQLQJ DQG WKHQ SURSDJDWHG IROORZLQJ
LQWHUJUDQXODU SDWKV&RQVLGHULQJ WKLV H[SHULPHQWDO REVHUYDWLRQ DQG FRQVLGHULQJ WKH ORZ IUDFWXUH WRXJKQHVV RI WKLV
PDWHULDO LW LV DSSDUHQW WKDW WKH VWUHQJWKRI VFUHZV FDQEH LQFUHDVHGE\ VHOHFWLQJ DPDQXIDFWXULQJ WHFKQRORJ\ WKDW
DOORZVWRDYRLGFUDFNIRUPDWLRQ7KHPRVWLQWHUHVWLQJPHWKRGVHHPVWREHWKHWKUHDGUROOLQJSURFHVVWKDWDOORZVWR
LQFUHDVH VWUHQJWKE\PHDQVRI FROGZRUNLQJ)LJE VKRZV WKH VFUHZSURILOHREWDLQHGZLWK WKLV WHFKQRORJ\7KLV
ILJXUHKLJKOLJKWVWKDWWKHVXUIDFHLVVPRRWKDQGRQO\IHZFUDFNVDUHYLVLEOH7KUHDGUROOLQJLVWKHQVXSHULRUWRRWKHU
PHWKRGVVXFKDVPDFKLQLQJDQGLVDEOHWRLQFUHDVHVFUHZVWUHQJWKPDNLQJWKHPVXLWDEOHHYHQIRUPRUHVWUHVVHG&&5
PRXQWLQJV\VWHPV
7KH DQDO\VLV RI EURNHQ VFUHZVKLJKOLJKWHG WKDW WKH FULWLFDO SDUWVZHUH QRWRQO\ WKH WKUHDGV EXW DOVR WKH VFUHZ
KHDGV)LJ2WKHUFULWLFDOSDUWVDOWKRXJKLQDOHVVHUH[WHQWDUHWKHULQJVXVHGLQWKH&&5PRXQWLQJV\VWHP$OO
WKHVHFRPSRQHQWVDUHFULWLFDOGXULQJWKHVDWHOOLWHODXQFKZKHQWKH\DUHVXEMHFWHGWRKLJKOHYHOVRIDFFHOHUDWLRQDQG
YLEUDWLRQ2QWKHEDVLVRIDOOWKHVHFRQVLGHUDWLRQVLWLVRISDUDPRXQWLPSRUWDQFHWRPHDVXUHWKHIUDFWXUHWRXJKQHVVRI
WKLVPDWHULDO LQ RUGHU WR HYDOXDWH LQ D VHFRQG VWDJH IHDVLEOH WKHUPRPHFKDQLFDO WUHDWPHQWV WKDW VKRXOGEH DEOH WR
LQFUHDVHVDIHW\PDUJLQV7KLVLVQHFHVVDU\EHFDXVHDOOWKHVDWHOOLWHPHWDOOLFFRPSRQHQWVKDYHWREHPDGHRIWKHVDPH
DOOR\

)LJ6(0PLFURJUDSKVKRZLQJWKHVFUHZPDQXIDFWXUHGE\PHDQVRIWKUHDGWXUQLQJDDQGWKUHDGUROOLQJE

)LJ0DFURJUDSKVKRZLQJWKHEURNHQVFUHZV
D E
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([SHULPHQWDO
,QWKLVVWXG\:1L&XDOOR\VSHFLPHQVZHUHJURXQGWRDPLUURUOLNHVXUIDFHE\6L&SDSHUVXSWRIROORZHG
E\ȝPDOXPLQD0HWDOORJUDSKLFVWUXFWXUHRIWKHVWXGLHGPDWHULDOZDVLQVSHFWHGE\PHDQVRIRSWLFDODQGVFDQQLQJ
HOHFWURQPLFURVFRSH6(0DQGPLFURDQDO\VHVZHUHFDUULHGRXWE\HQHUJ\GLVSHUVLRQVSHFWURVFRS\('6
$ VHWV RI IRXU VSHFLPHQV ZHUH PDGH LQ DFFRUGDQFH ZLWK $670 VWDQGDUG ( E\PHDQV HOHFWUR GLVFKDUJH
PDFKLQLQJ$670( LQYROYHV WKH WHVWLQJ RI QRWFKHG VSHFLPHQV HLWKHU LQ WHQVLRQ RU WKUHHSRLQW EHQGLQJ 7KH
WKUHHSRLQW EHQGLQJ WHVW KDV EHHQ SHUIRUPHG LQ WKLV ZRUN E\ XVLQJ VSHFLPHQV VKRZQ LQ )LJ  DQG KDYLQJ WKH
IROORZLQJGLPHQVLRQVD PP: PP% PP
)UDFWXUHVXUIDFHVDQGFUDFNSURSDJDWLRQZHUHDQDO\VHGE\6(0


)LJ0DFURJUDSKVKRZLQJRQHRIWKHVSHFLPHQVSUHSDUHGLQDFFRUGDQFHZLWK$670VWDQGDUG(
0DWHULDO&KDUDFWHULVDWLRQ
7KHH[WUHPHKLJKPHOWLQJSRLQWRIWXQJVWHQPDNHVWKHSURGXFWLRQRIPLOOSURGXFWVYHU\GLIILFXOWWKURXJKPHOWLQJ
DQG FDVWLQJ )RU WKDW UHDVRQ WKH SRZGHUPHWDOOXUJ\ZDV DGRSWHG IURP FHUDPLFV DQGXVHG IRU SURGXFLQJ WXQJVWHQ
FRPSRQHQWV0HWDOOLF DOOR\V SURGXFHG E\9$5 DUH XVHG IRU DSSOLFDWLRQVZKHUH FOHDQOLQHVV DQG KRPRJHQHLW\ RI
DOOR\VDUHLPSRUWDQWWRLQFUHDVHIUDFWXUHWRXJKQHVVRIWKHILQDOFRPSRQHQWV*HQHUDOO\VSHDNLQJVWUDWHJLFLQGXVWULHV
VXFKDVDHURVSDFHDQGSRZHUJHQHUDWLRQUHTXLUHWKHKLJKSHUIRUPDQFHJXDUDQWHHGE\9$5UHPHOWHGPDWHULDOV2YHU
WKH \HDUV WKLV WHFKQRORJ\ KDV EHHQ LPSURYHG WR LQFUHDVH WKH UHSURGXFLELOLW\ RI WKHPHWDOOXUJLFDO DQGPHFKDQLFDO
SURSHUWLHVRIWKHILQDOSURGXFWV$OOWKHVHFRQGLWLRQVMXVWLI\WKHFRPSOH[LW\RI9$5WHFKQRORJ\HVSHFLDOO\IRUELJ
FRPSRQHQWVVXFKDV/$5(6VDWHOOLWH)RUUHIUDFWRU\PHWDOVVXFKDVWXQJVWHQWKH9$5WHFKQLTXHLVZLGHO\XVHGEXW
LWLVH[SHQVLYHDQGFRPSOH[7KHXVHRIWKHSURFHVVNQRZQDVOLTXLGVLQWHULQJLVEHFRPLQJWKHPRVWYLDEOHVROXWLRQ
IRUSURGXFLQJELJVRXQGFRPSRQHQWV)RUWKLVUHDVRQDOOWKHFRPSRQHQWVIRU/$5(6SURJUDPKDYHEHHQSURGXFHG
E\PHDQVRIWKLVWHFKQRORJ\
7XQJVWHQDOOR\VSURGXFHGE\OLTXLGVLQWHULQJDUHFKDUDFWHULVHGE\WXQJVWHQSDUWLFOHVVXUURXQGHGE\DELQGHU7KH
WXQJVWHQDOOR\XVHGIRU/$5(6SURJUDPLVFRQVWLWXWHGE\WXQJVWHQJUDLQVLQDFRQWLQXRXV1LFNHO&RSSHUPDWUL[,Q
OLTXLGSKDVHVLQWHULQJRIWKHDOOR\XVHGIRU/$5(6DPL[WXUHRIWXQJVWHQDQG1LFNHO&RSSHUSRZGHUVLVKHDWHGDW
DERXW&DWDWPRVSKHULFSUHVVXUH7KHDOOR\FRROVGRZQZLWKLQWKHIXUQDFHZLWKVRPHFLUFXODWHGQLWURJHQ7KH
DOOR\ GHQVLILFDWLRQ LV UHDFKHGPRVWO\ E\ UHDUUDQJHPHQW RI WXQJVWHQ SDUWLFOHV WKDW JURZ GXH WR WXQJVWHQ WUDQVSRUW
WKURXJKRXWWKHOLTXLG7KHLQWHUSDUWLFOHERQGLQJDIIHFWVPDLQO\PHFKDQLFDOSURSHUWLHVVXFKDVVWUHQJWKDQGGXFWLOLW\
$V LW FDQ EH REVHUYHG LQ )LJV  DQG  WKH WXQJVWHQ DOOR\ LV FKDUDFWHULVHG E\ WXQJVWHQ JUDLQV HPEHGGHG LQ D
PDWUL[WKDWZDVOLTXLGDWWKHVLQWHULQJWHPSHUDWXUH7KHWXQJVWHQSDUWLFOHVKDYHDVL]HUDQJLQJIURPWRDERXW
ȝP)LJVKRZVDOVR WKDW WKHUHDUHVHYHUDO LQWHUSDUWLFOHQHFNVDPRQJJUDLQV WKDWDUHIRUPHGGXULQJ WKHVLQWHULQJ
SURFHVV('6DQDO\VHVFDUULHGRXWRQWKHVWXGLHGDOOR\VKRZHGWKDWWKHSDUWLFOHVDUHSXUHWXQJVWHQ)LJDZKLOH
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WKHELQGHUSKDVHZKLFKVXUURXQGVWKHWXQJVWHQSDUWLFOHVFRQWDLQV1L&X:DQG)HLQZHLJKW
)LJE7KHPHDQFRPSRVLWLRQRIWKHDOOR\LV:1LDQG&XLQZHLJKW

)LJ2SWLFDOPLFURJUDSKVKRZLQJWKHDOOR\PLFURVWUXFWXUH

)LJ6(0PLFURJUDSKVRIWKHDOOR\PLFURVWUXFWXUHWXQJVWHQJUDLQV1L&XELQGHU
&RQVLGHULQJ WKDW LQ OLWHUDWXUH WKHUH DUH YHU\ IHZ GDWD DYDLODEOH ZH GHWHUPLQHG WKH IUDFWXUH WRXJKQHVV RI WKH
PDWHULDOXVHGIRUSURGXFLQJVFUHZVXVLQJWKH$670(WHVWLQJWKDWFRQFHUQVWKHGHWHUPLQDWLRQRIWKHSODQHVWUDLQ
IUDFWXUHWRXJKQHVV.,&RIPHWDOOLFPDWHULDOVE\XVLQJGLIIHUHQWIDWLJXHFUDFNHGVSHFLPHQV7KH.,&GHWHUPLQHGE\
WKLV WHVWPHWKRGJLYHV LQGLFDWLRQVDERXW WKHUHVLVWDQFHRIDPDWHULDO WRIUDFWXUH LQSUHVHQFHRIDVKDUSFUDFNXQGHU
VHYHUHWHQVLOHFRQVWUDLQW
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)LJ('6VSHFWUDVKRZLQJDWKHFRPSRVLWLRQRIWXQJVWHQJUDLQVSRLQWLQ)LJDQGEWKHFRPSRVLWLRQRIWKHELQGHUSKDVHSRLQWLQ
)LJ
7KLV YDOXHPD\ EH XVHIXO WR HYDOXDWH WKH UHODWLRQVKLS EHWZHHQ IDLOXUH VWUHVV DQG GHIHFW VL]H IRU DPDWHULDO LQ
VHUYLFHWKDWFRXOGEHVXEMHFWHGWRVHYHUHVWUHVV)UDFWXUHWRXJKQHVVWHVWVJDYHWKHORDGGHIOHFWLRQFXUYHVUHSRUWHGLQ
)LJXUHZKLOHWKH.4FDOFXODWHGYDOXHVDUHUHSRUWHGLQWDEOH
)LJ5HSUHVHQWDWLYHORDGGHIOHFWLRQFXUYHVRIIRXUVSHFLPHQVRIWKHDQDO\VHGWXQJVWHQDOOR\

  7DEOH.4YDOXHVFDOFXODWHGIURPWKUHHSRLQWEHQGWHVWV
 3max 34 .4 Acceptancecriteria
 1 1 ܯܲܽξ݉ 3PD[3T .4»ı\%
6SHFLPHQ     
6SHFLPHQ     
6SHFLPHQ     
6SHFLPHQ     

$V LWFDQEHVHHQ LQ WKH WDEOH WKHUDWLR3PD[34IRUVSHFLPHQVDQG LVVOLJKWO\KLJKHU WKDQZKLOH WKH
YDOXHRIWKHH[SUHVVLRQ.4»ı\LVDOZD\VOHVVWKDQERWKVSHFLPHQWKLFNQHVVDQGFUDFNOHQJWK7KHı\YDOXHRI
WKLVDOOR\LV03D7DEOHVKRZVWKDWWKH.4YDOXHVDUHYHU\VLPLODUWRHDFKRWKHUDQGWKDWWKHPHDQFDOFXODWHG
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.4YDOXHLV03D¥P&RQVLGHULQJWKDWIRUVSHFLPHQ.4LVHTXDOWR.,&LWFDQEHDVVXPHGWKDW03D¥PLVWKH
IUDFWXUH WRXJKQHVV RI WKH VWXGLHG DOOR\%\ FRPSDULQJ WKLV YDOXHZLWK WKRVH DYDLODEOH LQ OLWHUDWXUH >@ LW FDQEH
YHULILHGWKDWLWLVTXLWHVLPLODUWRWKRVHPHDVXUHGIRUVRPHDVVLQWHUHGWXQJVWHQDOOR\V7KLVWRXJKQHVVYDOXHFRXOGEH
LQFUHDVHGE\PDQXIDFWXULQJSURFHVVHVVXFKDVUROOLQJIRUJLQJRUGUDZLQJWKDWFRXOGWKHQLQFUHDVHVFUHZVWUHQJWK
6(0 H[DPLQDWLRQ RI IUDFWXUH VXUIDFHV KLJKOLJKWHG WKDW WKH IUDFWXUH LVPRVWO\ LQWHUJUDQXODU FORVH WR WKH QRWFK
ZKLOHPDQ\FOHDYDJHIUDFWXUHVDUHYLVLEOHIDUDZD\IURPWKHQRWFK)LJ%\DQDO\VLQJWKHFUDFNSDWK)LJDLW
LVHYLGHQWWKDWIUDFWXUHIROORZVDFRPSRVLWHSDWWHUQRIFOHDYDJHIUDFWXUHRIWXQJVWHQSDUWLFOHVDQGGXFWLOHIUDFWXUHRI
WKH ELQGHU (DUOLHU LQYHVWLJDWLRQV >@ VXJJHVWHG WKDW GXULQJ GHIRUPDWLRQ WKH WXQJVWHQ JUDLQ HPEHGGHG LQ D VRIW
PDWUL[ SKDVH LV VXEMHFWHG WR D K\GURVWDWLF VWUHVV DQG WKDW WKH DOOR\ EHKDYLRXU FKDQJHV E\ FKDQJLQJ WKH JUDLQ
FRQWLJXLW\ DQG WKH WXQJVWHQPDWUL[ LQWHUIDFH )LJXUHE VKRZV WKDW FORVH WR WKH FUDFN WLSPLFURFUDFNVQXFOHDWHG
ERWKDWWKHJUDLQPDWUL[LQWHUIDFHDQGZLWKLQWKHJUDLQV
)LJ6(0PLFURJUDSKVKRZLQJWKHIUDFWXUHVXUIDFHPRUSKRORJ\RIWKHWKUHHSRLQWEHQGVSHFLPHQFORVHWRWKHQRWFKDLQWKHFHQWUDOSDUWE
DQGLQWKHILQDOSDUWFRIWKHIUDFWXUH

)LJ6(0PLFURJUDSKRIWKHFUDFNSDWKDDQGLQWKHDUHDFORVHWRWKHFUDFNWLSE

&RQFOXVLRQ
7HVWUHVXOWVJDYHYDOXHVRIIUDFWXUHWRXJKQHVVH[WUHPHO\UHSHWLWLYHWKHPHDQYDOXHLV03DĜP7KHVHYDOXHV
DUHTXLWH FORVH WR WKRVH DYDLODEOH LQ OLWHUDWXUHRQ VLPLODU WXQJVWHQ DOOR\V DOWKRXJK WKHYDOXHVREWDLQHG LQ WKH WHVW
SUHVHQWHGKHUHDUHVOLJKWO\KLJKHU2QWKHEDVLVRIRXUUHVXOWVLWZLOOEHSRVVLEOHWRVWXG\IHDVLEOHWKHUPRPHFKDQLFDO
WUHDWPHQWVDLPHGDWLQFUHDVLQJWKHDOOR\WRXJKQHVVDVDOUHDG\VXJJHVWHGE\OLWHUDWXUHGDWDIRUVLPLODUDOOR\V
D E F
D E
524   A. Brotzu et al. /  Procedia Engineering  109 ( 2015 )  517 – 524 
$VIDUDVWKHSURSDJDWLRQPRGHLVFRQFHUQHGWKHFUDFNJURZVZLWKDPL[HGPRGHWKDWLVLQLWLDOO\LQWHUJUDQXODUDQG
WKHQ SDUWLDOO\ WUDQVJUDQXODU ZLWK FOHDYDJH IUDFWXUHV WKURXJKRXW WKH WXQJVWHQ JUDLQV 7KLV LV GXH WR WKH SRVVLEOH
FRPSUHVVLRQRIJUDLQVE\WKHPDWUL[SKDVH
$FNQRZOHGJHPHQWV
7KHDXWKRUVZLVKWRWKDQNWKH,WDOLDQ6SDFH$JHQF\XQGHUFRQWUDFWV,DQG,WKH,QWHUQDWLRQDO
/DVHU5DQJLQJ6HUYLFHIRUSURYLGLQJKLJKTXDOLW\ODVHUUDQJLQJGDWDRIWKH/$5(6VDWHOOLWHDQG'U$QGUHZ7URPS
RIWKH7XQJVWHQ&RPSDQ\IRUSURYLGLQJLQIRUPDWLRQRQWKH/$5(6WXQJVWHQDOOR\
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